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7[ ‘history of the muon ’, are discussed in some detail.
hyperfragments. Some of these results, such as those related to the complicated
interaction, the discoveries of the charged pion, of strange particles and of
development of the lepton concept and of the concept of a universal weak%i
results. These include the demonstration of the existence of antimatter, theYF
cosmic rays opened the _/Yeld of particle physics through a number of fundamental
particles available before the development of particle accelerators in the 1950’s,
these components are briefly described. As the unique source of high energy
/
components, the main experiments which clarU"ied the nature and composition of
After recalling the discoveries of the cosmic radiation and of its ‘hard’ and ‘sof1’
ABSTRACT
PLACE : Auditorium
TIME : 11.00 hrs -12.00 hrs
DATES : 20 and 21 November
TITLE : Cosmic rays open the field of particle physics
SPEAKER : M. CONVERSI / University of Rome
iw
1986 — 1987 ACADEMIC TRAINING PROGRAMME
(/01%**
E .0
bv 5 if /
flirliw /Zg
’





7i<kw/.1%71,, 4 f %,r,// 792 +1 /;;:;2¢’;//4?j
% { ¢» ; /¢¢m2/»r
`
3
>4.;~.xn*.\‘. ,x» .¤‘~. »—* V
~.\._ \~.~\ X \_ »_\_»\ _\ »y_ /-’/4,j/j/ i`;\¥{ `I J·f;—Q_;;»\\X ;x\»i»’¤i2fQi¤¤\—tA<;?x;\»\%t\` ¤~¤:\.—¤\>§xx: >~»s——§&~k~<>i1<1~.;‘>~ ` » \ \ . X ` ~` y J— , . y ~ °· 1 ~ » \ \ \\ \ \ » - ~N Q`; ._ .\__ . . ;._x\"x}<\j\§\.;f gQ$_$—.j;;§i~_E\j\Q\j N\ A x - \ XQ‘§$§}T%X\R§&N$\\¥§ Q;R§\;x>®;§;w ` ""·§—$§:3JX‘s>;~i~?`·<s>:~sr·\sp wtq as xs —~—‘· `>_; \» -·\·—\`~\——~—~j ~ rp V<§\\` \F\§“ " ""`*\ \Yi "\`§*i*§\\` .‘»`` \:?r’>~.;L~:¥`t“>`=; »~`—~ : °`>;‘>¥$·?<?<i* ?Y~`¥ "¥°
D·'J¢ovW·y 0{ fb ]}2p¤.r£’¤L@ OCR Output
#»·"’·~*~¤•*‘¤·~¤‘f~ ·<r>·~·‘F··~¤¤ a»c.»»r..;·, ~.,,.·~¤ O, 1;,
_ frv<¢¢¤¢·»¤7s °{]\"W•k•?$t;1¢|.[ Ca1n(¢f". • ,,,\"so pam; of WEAJQ*989
Developaent of Particle Physica.
fron page C8-7: The Role of Cosnic Rays in the
au n' l2, décenbre-l982. Specifically: Ch. Peyrou talk
ghzgicg, in Journal de Physique, Collooue C8, Suppleuent
International Colloquiun on the History of Particle
University Preas, 1983).
Syaposiun, Edited by L.M.Brovn and L.Hoddeso¤ (Caabridge
Ih£__yirth‘ of Particle Physics, based on a Ferailab
REFERENCES:
DETAILS ONLY OCCASIONAL (PERSONAL RECOLLECTIONS)
DEVELOPMENT O? PARTICLE PHYSICS
ENPHASIS ON ITEMS HOST RELEVANT POR THE
DEVELOPMENT O! LARGE ACCELERATORS
MAIN IDEAS AND EVENTS THAT PRECEEDED THE
ONLY APPROXINATELY HISTORIC PRESENTATION OP
TO DISCOVERY OY HYPERPRAGHENTS (1953)
FROM DISCOVERY OF QOSHIC IAYS (1912)
COVERED PERIOD · 50 YEARS:
CONTENT OF LECTURES
Bf 120 tI’dj¢¢'%GZJ’
{O0} AOR?} of C¢(¢••¢d;`\7\·•j ¢••[ O•v40\7 Daipfp? OCR Output
THEORY OF AURORA BOREALIS (C.STOERMER)
HENCE: PRIMARY C.R. ARE CHARGED
·1• .
- [OZ MEASURED EFFECT AT SEA LEVEL (A.H.COMPTON et
1927: DISCOVERY LATITUDE EFFECT (J.CLAY)
Vlillikdm propose:. IL: ovume •( C¤S•·\I€.\{?.AY.\’
UORRYNOT RESUMED AFTER THE HAR UNTIL - 1922
1N1’e¢Rur·fL’.n J>un.w& waoup wnx j_
••n¢4!uv·¢••¤•••B ·u•••¢•·v· 10m of w4.I'£P ifsin 4,4, YI €¤J-iffn
°CORPUSCULAR RAYS')_ ?¢|*\¢rf‘¢t.4rmx PONQP dlmfhfmmb
RADIOACTIVE SUBSTANCES KNOWN T0 BE FAR MORE PENETRATING THAN
MANY YEARS BELIEVED TO CONSIST OF H.E. GAMMAS (GAMMAS FROM
EYPOTHESIS OF EXTREMELY PENETRATING °COSMIC° RADIATION, FOR
HESS SHOWS AESENCE OF DIURNAL EFFECTS AND PUT FORTH
GROUDD TO - 700 I, THAN INCREASES STEADTLY WITH ALTITUDE.
DEMONSTRATE THAT IONIZATION FIRST DECREASES FROM
1911·12: V.F.HESS AND SHORTLY AFTERHARDS H.KOLHORSTER
QUICRLY THAN AT SEA LEVEL (A.§QEEEL,_...)
ELECTROSCOPES IN BALLOON AT 6000 ),DISCHARGE MORE
me AL17-fubr
1909: HYPOTHESIS SOMEHHAT REINFORCED BY THE FACT THAT
ORIGIN FIRST ADVANCED AS A POSSIBILITY
HYPOTHESIS OF PENETRATING RADIATION OF UNKNOWN EXTRATERRESTR_
RESIDUAL CONDUCTIVITY PRESENT EVEN AFTER I0 cn Pb SHIELDING.
(J.ELSTER, H·QEITEL, C.T.R. gILSONL_...)
1900: STUDY OF CONDUCTIVITY OF AIR EY ELECTROSCOPES
Vacuxmgy
DISCOVERY OF COSMIC RAYS etc.

. • prtis: dalh acmmid (I •¤¤.•m m. d'a¤qua). OCR Output
y¤¢.c.és¤¤!id¤¤¤•du¤s•¤a¤n£cn;hpr¤•i¤n¢émin1n¤ia¤n¢¤ld
In. ao. . Cum di icnisaaxiona in fumiom delhhimdine. 11 numcm degli lnl
fwono atmbshrlca in mem d‘•cqu•.
0 • t I • I I Y C — I
mg |4 |4 1;
* U IY I= I*al? Il I* Ii
•‘• 2
0 O IIUYIOSCOPIO •. 0
\••. •n•|•. 39* N
¤0r• . \••¤• wuwm
N`dwf`/ iq 3 6OCR Outputwml 7"U¢{K¤,·n +
a Madras (India). OCR Output
Fu:. :1. · Cana di innizzazionc in funzione dcll‘aI1itudi¤¢. rclaniva
Pressione armoslerica in mem d`¤cqua.
I 2 3 ¢ 5 6 7 O 9 |O
20
GO
Q •• 5; I volo
Q EIUTIOSCOPIO ••.·2; 2 ven
MAORAS (lndh) Lal. Inga. 3• N
I IAGGI QEG I R Q} IAGNITICU TEIXISTII 97

OF e" MFP 2 OCR Output
un: or THEIRACOUNTER cou·rno1.1.z¤ c1.ou¤ cmunzrgggr
nncucflc
OBSERVE §H_Q_W_E_R_$ INITIATED BY NEUTRALS IN THE MIDDLE
1933: PROMPT CONFIRMATION BY BLACKETT AND OCCHIALINI WHO
COMPARABLE IN MASS AND MAGNITUDE OP CHARGE WITH AN ELECTRON"
AS THE OBSERVATION OP "A POSITIVELT CHARGED PARTICLE
COMMUNICATED IN °SCIENCE', SEPTEMBER 1932, BY C.D. ANDERSON,
DISCOVERY OY THE POSITRON
ARTIFICIAL NUCLEAR REACTION and
1932 ... °THE LUCKY YEAR": DISCOVERY OF THE NEUTRON; FIRST
AND G.P•S.OCCHIALINI)
1932: COUNTER CONTROLLED CLOUD CHAMBER (P.M.S.BLACKETT
SOFT AND HARD COMPONENTS O? C.R.
°TRIANGULAR° ARRANGEMENT OF GM·COUNTERS.
OBSERVATION OY 'ROSSI TRANSITION CURVE° WITH1932:
THICKNESS OF 1 I Pb
SEA LEVEL WITH 25 cl Pb PENETRATE AN ADDITIONAL
APPLICATION TO PROVE THAT 60Z OF C.R. FILTERED AT
~» 1930: DEVELOPMENT OF °RO$SI ELECTROMAGNETIC COINCIDENCES°
CIRI)
TRAVERSING 4 cl THICK GOLD BLOCK (HARD COMPONENT OF
NEAR SEA LEVEL ARE CHARGED PARTICLES CAPABLE OF
BOTHE AND KOLHOESTER DEHONSTRATE THAT -7SZ OP C.R.1929:
USJNG GH CAUKTEKS APLD ?¢|H)‘¥`IV¢ 'WME COIAIQPFAICFS
DEVELOPMENT OY GEIGER·HULLER COUNTER1928:
FIRST EVIDENCE FOR SHOWER (D.SKOBELZYN, 1928-29)
FIRST INVESTIGATIONS OF C.R. WITH CLOUD CHAMBER1927:
OCR OutputHARD ABQ _SOFT COMPONENTS OF COSMIC RAYS NEAR SEA LEVEL
SU3 OCR OutputWMJL VQ! ·f»x[.4,oT2a( Lwsocvor
Jwvwq 0cxwmk
NEW PRR? CLE (ef) Fkcn gl, EVENT
(7NCLlJSt VE EU ITE N CE Fon
HTS HAS! IS < 2.0 •nn_‘
|1’$ wMl2ATw,•[ IS twat ’&7>¢> WEAK FOR A P•€¤T¤N
?h¢TICLE IS THKE TGIF `PUHTIVC
’>¢¢°? Ew5¤<~·¥ M Tmvenrzuev vm.- 'PL PLJFTE
?Am’J;1.E GMES FQGM 80T'T'¤1·\ ms rr LAN 6*5;
t the sign is pai iutiaa in sch t•• aah for • p:•zo•.
in ua had yuce. mn dtnaci ua ••• of ua nagnctic lieu •





BASED ON CLOUD CHAMBERS WITH MAGNETIC YIELD.
UNTIL THE EVIDENCE BECAME UNOUESTIONABLE MOSTLY THROUGH WORK
PEOPLE RELUCTANT TO ACCEPT NEW PARTICLES WITH NO ROLE .•.
SOMEONES THOUGHT THE °HARD° C.R. TO BE PROTONS (+ and ·).
C.R. TO BREAK·DOWN OF THE THEORY AT ENERGIES -500 MeV.
THE TREND WAS TO ASCRIBE THE OBSERVED GREAT PENETRATION OP
O O I
PENETRATION O! °HARD° COSMIC RATS, IP THESE WERE e` AND e+,
IT PREDICTED ENERGY LOSSES INCOMPATIBLE WITH OBSERVED
VANTUH
BETHE + HEITLERATHEORY OP RADIATION WELL KNOWN.
§->_N'+y(+,-02,0)
Qupmm oruucwnk HSM: nnmvc vAg11c1.z or q if Rnd `
YUKAWA'S ARTICLE (FEBRUARY 1935) MOSTLY UNKNOWN 1937
IT TOOK SEVERAL YEARS.




if ~ 9,40 mz OCR Output
an·==¢·¤’“‘•··••~r.r »m·ms4.•re·me»F§ {L, Ew
··¢&cf?¤»·v. »r*..c>C' Seen) .. f}—,,m ,u“.v‘m°_W
ckamber and sfqy; 4.,., nu QM
5 I l crassa; The GH counter vuh is nu
should have been nen, is not). _. W-,. ·. ~·. - 4... _ ~.
(IJ. The chanber vaa relatively insensitive, the decay electron, which
ge:. Curveture and range give e Ina of ·• 240 -·, no errata quoted
cr¤••¢•• Geipr counter inside the chaber and •t¤p• underneath in the
Ii;. 6 The clniaioal picture of lledderneyu md Anderson. Tha puitiva autres
z
=»; ·’?*?`
_ - , I _,_ L "` ` "°"? -1**1**m ’ 'Z·
_ 1. 7 -·`•¤· ~,r<·
I
]W¢UMUf•·¢•·xLw5( wud HM&r.[°"•- {Q3?
OCR OutputOCR Output13

.f; 4s }<u¤_wN_ OCR Output
*-4 _- nensvxsneunir- .... --1}.-TuE-_,¢1¤.h.HALTun__,_s£E9TmzM-QF¤jUé!
WW`R¤’).-.Tu4a.-_R 4.1¤__1?://»x- uw BE .l>€mv&J> Frwh hi'TE NAU¢;DP!i--
xr; c = .zxb_\,,,
FACTQL
oven R,_,LENG'I’HA h, 1s ArrawuA1‘£1>_,_By;I‘nE ,J*1sAsu»QAs
HENCE Tina Nr. of hH.<¤‘mmvsQ,.-QF HODENTU!1 N,_. p .‘T2AV£UJMQ,
M2 , =e ,,/3c ,· qyftctw; y>{3://4)
TATI1,.A--
Hhs JN EnPT\] SPACE (~¤1z)A_A,Y,_D€c¤y_J¢6nv FREE;
MOHENTUM. P -.: -.:.__4/,,4..},2Q)
A, !1ES¤T•2vN. 0F_._rnAss W, |..IFE'TlhE---Z--(,A°Yf_RES7j RM1;
\
vwsfn 8.LEPH rm cuis [Ku1.EN}<Ar¤ rrr,
M3! : HRST. Sv€—6€ST¤¤N:mA·r4 J'1—1E _ ABF YUKBWA
EcwzvnL€NT_J1B,s0RBER._Q_F b€~.<6 MF>TEmAL..,_._-- ,-
M€nsuREJ> HT men-1 _¤HL1Tv»E w¤T¤__con€.¤ZNsnj‘:N&
Nr. 0r RFE. AT SER -LEvEL_Sr1n1.n.ER Tuna Trmf
c.:R.. IK Am
45 oOCR OutputHNOMALUUS .¢U3SOR?1i0N UF HAR} c0MraN€NT,OF

c¤~M¢¤# s·ma€£ wakes obtcv vw! ’E·¤*` 'tj OCR Output
S[1pu’•·0lA.$ d€c¢-y} o{ COMVIJ-of` P°\AcX‘{•$‘ P‘\"0b•'·LCL
’C;_· :=· Q4 -.a~ 0.3) jc;
Hauer, Maze + Chamina G!-e {*94*)
)Q. C·§_»_}_€[:•c>"n va ·€ 6££é*$(¢, &»KS¢e/no 6 ci
UT" Twp d cézzi/£gS _
dc»f•`v·¢ da #0% {GQ R.f`•`m¢e¤Ce ¢i4a-(»•f`·£/Q LC
'CM =e—~ (4.5 -x 0.3) pts
ars? dire dv <=?eT2c·»»·»ei»».,ce!`7'¤¢e
Heisenberg (ed.), Cosmic Radiation (N.Y.: Dover. l9-16). 88.
1941 to measure the mean life of the cosmic·rav meson. From W.
Figure 8.1. Schematic of the apparatus used by Franco Rasetti in
G:
ucum




· *( { HASETTI (£Q’1 `
Lead
OCR OutputTIRECT 'DETERMINATIGN OF"MES'0TKON`° 2]
(ez) OCR Output( ,u)
$Tc’PSTARLP
°"" ` ’ ` ` " " ` " "•••·> tfamg,
.H.1·•~}>€•·Z`.
gpe —> e ¢v¢·».K·'_sfmfa
Aweaxu ro dcdwqx ol 3* fn
]`mTro·¤£•·cC"0·»· oy. fi A _ Q _
ROSSC C4! J (gh )
p-meson decay [13].
for measuring delays of electrons from





L 1 L Y L
{UZ? Bo Ca-R
. ”vm,.;: F -»..’·° G
=<2zz·mJ
-s· 2.
*1.03-10 /1*1 OCR Output192 4r.’ L
LQ 0.0¢·»°)»·no
- ua@%.¤3§·<.‘.*.'¤r·f.£ w.·£¤;·¤> 3 { L `·
a
IZ'. OtoéogthsTk = L2 195. 990
1984 va£u.L :
C = .15 t U.O?)]A.S
O pj C . R. 0n¢$¤M$ am {PRF! + b‘|"&SS
{OSS!. RM¤I KC TCSOM Z D¢C&$ ¢ufV%
n rom N. Naresou and B. Rami (NNG43).represents the observui number, N, of decay events for which the delay is grmtzr thaL F
Fig. 4.7.4. Integral disintegration curves of macns in Ed and brass. &ch poim




K I i I I {
vn
eopoc géegg
.1*}. C’.¥`l7 1 ?ut 011 ’l'•°\G•=]'VL€KC @CJV\!€·6 . ··OCR Output
-t» Pl»ral6¤` -> 0.6 om TkI¢K Fe @$6. -·> OK
• 7 • I V " 6 I, ..N c x E : 7?sL' cj PVC¤Lr¢·' • 01*5 0; }D’/»".»t3>*¥>4·¤+y·:..,
- ··-· C'e:>TZ1¤f tZ·s.cK` oil ¢<9‘m·>·»==s··s»u·»{,¢.;z,7K`¤¢»» wil';. USA
erxpon . aL.:
`
l fc4.m.~·c ¤cz rac P¤·*`nC‘£L
Cvuvmn cod .& 54 Ow iirsf E record l°~:»
our we .gim Us o
at bex t .i[?¢`t: Th rcuq A ’+ measured
D 'CQ = 2..3M,s ".L’ 65[
Wa C ;
oni in Phys. Rev. 70 (1946). 86}. Fig. 1.
electrons from setoinz thernselves. From M. Comersi and O. Picci
if the muon crosses them. The thin lead slab prevents the decay
time. a delaved coincidence is counted. The A counters veto a count
sorber (5 cm of iron in the figure} and emits an electron at a later
six counters detect an incoming muon. lf the muon stops in the ab·
our experiments 1 and 2."·" From top. the first and second sets of
Figure 13.3. Layout ol Geiger-Miilrer counters and absorbers lor
. ,
fowtrs ta 5
\ —. _. rxrxa/\\r\i ~ *`* *.\ \ 6
Pb
. •· M,. C. + O- ?•cc¤0vtt.t (19**3
A - "maecr TEST OF T-A effec? nv Lzcuv HATEIUALLC
USING SAME TECUID/UE + LENXEX)
'nacucnc LE~res" % Semmfe Hf AND
3 - 'DIKECT TEST OF {-41 EFFECT IN, F6 USING
mma SAM: 1'eczwztauz
mos; 0% Quay &€¢cf?‘a·n__\’ O; <fwn?¢;St; 2.5-cm FB
5 $TOPf’EP JN 0.6 Own "¢.LZc)< RBSORBER
on Beunvmvn cs HT Resv nl r4A‘1·‘FEj {U
fufnzxecr) TEST OF Ténwvnca + Amoco Frcamzcnowx
USIN6 E$PE'ClBLL‘y bE\/EL¤?l°E) FAST YELAYED GQM/D1)ENCE_Y
u,'s STDFFED H3 5,om, "FIGK HTSSOKJEK
?- :DLV'€¢T pp il'
(4942 -— mae)
/’ [H5 {(3UR EXVEKFMENTS MADE" IN @0}*1,5
20 ;; OCR Output

<Na`Tur¢ 12 9 (1 571) $*9 gi OCR Output
*·~77,I &ST¢;C{ PTO!. FM.(C\A2, ` ' '
_ H ·° Fei/¢£op<d bw; gosh 0+; a, |v·€•»v•c»]°·£¢
in .N`a1urc126 (1931). 300.
and the position ofthe top Geiger-Muller counter. From B Rossi.
wanred" one. The top view shows the direction of the magnetic frc|d
the trajectory of a "uanted" charge sign (solid line} and of an "un·
Figure 13.5. Rossi-Puccianti ienses." The side vievt (at top) shous




wifk B/l··iZl f`¢%J-iz mj . OCR Output
·s}y¤cC¢}v¤¢.g$ (/0-2-3)
$`rf0 0 €;}·{,CT (" Okr/'•°'rU’·6[i'l!
r of {2,,; 'L¢~,¢>·~TT or TJ, wifl f<Ag;»¢¤i
G.Li·a,rq—& Ms 7°ri`!1,u$'0n, by /rriaK¢}wq {U5 3 &•°{7,;,r
zo &<C."Zrce%.B01°fvN {cms CB) ,c¢$
cqwzzé ckcwq z ¤L£s?’r§ b»w7T¤»>y of C .2}; at sen {eva!
a£TEr`0.7`E$? {cms (A) used
rwca. C`0n.¤igli0 Nazionale Richrrchr (194-1)i
penciraiing charged particles of the cosmic rays. From Riccrca Scien






_ 6crm af W . C . (1940
L!.
c QM!Twoaf‘a(&(
,;L(Q`1;2°_`Cc;•`L‘»L’ \C{; ` 1 $'¤(cTf. ......·fv·r GJ.-:
rh/0 awa,
ms d.o•·•J»£¢t" {ov- pa
{wp ce/xw: QCU ; Energy $}:•¢rJ?w•-n as c
P/ rwbc : 5/he
‘n= 2..Y}) amivwcr spccrrum E.
V°C HT;} A. hfhmkf
curw, Q £."h(,\"94j $/¤(.Cj_V`·{,¢,·*r;;. of C.K· "YV!ZSO7"•j S









Hffh @W¢F¤]4j {4 .Sca7F_¢/ikvi (eg. E.A4~¤£¤L~`, F?;t¢,¤.u~¢J;iQ'_ OCR Output
c!€,fC/.>u*{A'.:, pi 2 (?¢f’··e ${5 Re.
SC'¤z,rD’ of »n&w #¤'c€¤{ of "»mo$¤'¢: ¤I`b·m.f
:;b¥:;\iI)Ei,-,JKUV, ... .... .,1,
KQiOMhO+wA¢(&Tlqqz;




_ o1’k¢.U..f [MArJ}¤.&@K+ B&N~·¢)’194}
ga/ca7`a + I"'“’*·¢» f9<*6)
Fermi l 'f'¢£&,r -•» W¢·I.<.rK·> , 1.9 ¢r})
'1>•°s¢.r·¢»pa.nc)r 01, 1042 wiflq, ‘I'1n&¤r‘d`Z )-av"-cubic.;
MEANING + CONSEQUENCEI 4:1 EXFERIHENT
that > V2.
~/¤`¤•~( exp . + •.n¢x»nL·n ¤·€{
ctfain JMIUCQT;
buf-c 1"Zr 3* USAby Rai
0 S r bomb
Ib Bvw Z Ecu-gc K2/ZJ
cor. |>re•L•`cfYs'6 ¢·¤Té~•¢L ¢J~ccI<¤
(6** ***3 bwxomi r¢¢•¢c¢¢.T7'¤·-ns)OCR OutputOCR OutputOCR OutputCHOICE 0% CARBON HBSDRBEK,
IN !1GZEEnE!<T WMM EXVEIQI/"·£'NT_{
z’“/ 7* " A (P
»1_/4__’cr_ 927 · e; ·*·1 £{ °‘#“ 1+CZ/2,5* 6Z?~·F€ C2= CZ 6)
F'fZAcTn0N OF $POr(’[‘_ DEC/QY5
(;O;»1pgT.j;7P'}g/08A&ILI77E9 _ Q-TICHO; RDSS_I-rYPLI..E.y
,[\,_ —- 2,- -—,C}~·I· ZG *1,-+ (Z/ZJ*~ _; L - A
me 2£¤t$A8lL. 0F ZDISAEPEHR. OF pp- RTT €ES‘I'___I'S THEN
wr 2 EMP -— I 5 __ IR,rCAu.)’... 4,1L —-L 2- 2; ICF (lbf
CHN BE WR|7(EN AS
L fcc
·:.,I..-—~ .. .. 2, V- · 73. ·— [Ly} Vwcw Z Y -2 (WHEELER)
HENCE__fTa-IE CA?1'vRff _fPR,0B fI 81__LI_:TTy
aj 2(ratS 0 THR'?
P““.IN LIGHT ELEMENTS ALWAYS f» f;£:·.~1,1§</Z WF,
\>(•·nuw~» onus:)
.Nvc¢.cu$ ’2,F1 HAS 'RNDIUS
MESIC ATOM" I-'RO!1 F: CAPTURE IN'I<-OKBIT AROUND









- r ' y(_,;’,C[,Q_,r- ».7P!·1.&L'£-ev 044f
I L · X · C -- f Wp- 9,5 0pIorv’c9L 4/4 -€..£&ir‘:-wt ~¢/Flr- Ma/·
-J ,9
rx; q f' °€’/ [ i’Q(,{[’ O. U
amulsnon (Courtesy. Unwersrty of Bustol.)
p —• E • v · Q, WGS DOI ODSENBG Il'} {H8 88Hy EXDBIITIWEHIS. WHICH €fT\pKOYEd IESS SBHSIIIVB
unique masses n -· y ·»•·. The electron emmed an the B-decay of the muon,
constancy ot YBYTQG ofthe TT\UOI’\ track •IT\p‘l€S {HEI the DIOFI GECBYS B! VEST INIO {WO QBHICIBS of
Fig. 1.1 Ew.:-p'es of the decay sequence n -· y -· e an nucleav ernulsnon Note :2-.:.; ..,.
el'! /2/ _ 7%, S , f' N
j" 7C
· L. ° Hi I [·’“k
*¥ lu. i 1 · 1 *=··
' · T I I
` |i"
/`· ' ; »· ` _ * d+
_ _
OCR OutputOCR OutputOCR OutputOCR OutputOCR OutputOCR OutputOCR Outputz •. f`/w
L 26 OCR Output


sxtrum. The spectrum is mlculated from Eq. (2), taking pc’- 100 Mev.
and 25 Mev. respectively. Curve 3 is the absorption curve ulculated for electrons emitted in a continuous
aror b the standard deviation. The full curves l and 2 represent the ulculated absorption curvu for $0
F10. 8. The experimental points represent the data obtained in Chimgo and on Mt. Evans. The indicted Sb·<LTr·u4n OCR Output
0 -1•¢•¤¤s$ 0* $59 2 n yd
7';is—`°T "_ ' ' vs 0 ns as ru a as as '&.H€f¢*)»CQ·£ (/Y\Lr\°
Ehljtv 0* ¤.£CTR¤~ nu xivf? Q "¤»









ATE &PY} S .
§ OCQ NTA
U1 ING NYA
... . ..... __ __
3 _ ’ . . - €’·———¤———*~1
"" 'VCnjjif
cn, \Rb“("°( `_, :
\ .
LOKCCOQ CC wv ¤
¤».g¢?F&‘f~ +
`;:TRAv§ |._"·- ~·==
(Received january 10, 19-19;
Thw Instilulz fur Nuclear Study, University of Chicago. Chahaga, Illinois
j. Srm:¢¤zncn°
On the Range of the Electrons in Meson Decay
rnvsrcu. nsvnsw v01.uus vs. Numnan s OCR OutputOCR Output- Arun. xs. non
@5;.;,,u ¢4 u.".,·\'-7_N`e.` (cazarrizgg 4 P-eyrou) OCR Output
rabswme, o p$=> gt'?} (5:`;¢.¢..‘0·¤;)f ;£
w {R€·»»<sP<s -0- ?0nT'¢»c¤w·¢])"`> gQbscwu Oi}
-|·— +
i>an¤~s*i’¤AT1w~I of H 17—m€€ 80195/ 'DETA
_ _ V.c··‘;M'<»·, Amdlwrsow -5* Sen (494%) *2*/ \ l,,,,_p¤,.,,,.L,(;,—\I4 J J wé
Hwm + Pc·»T'¢,corv¤ (1.%*093
Sfelwbergar (iqés)
existence of a spectrum).
at the high energy end, but the measured points demonstrate clearly the
cloud Ch3ITIb€T• (As UC kI'\0H HOV the CUYVC much too I¤UCh towards ZCTO
Fig. 13 The first spectrum of the electron energy in u, e decay obtained in a
E(Mcv)










OP ESTIMATED MASS - 1000 g, (IF NO NEUTRALS EMITTED IN V°
BOTH APPEAR AS DECAY IN FLIGHT OP SHORT LIVED PARTICLES
1’t V+ EVENT ' ° MAY 1947 (K+ DECAY)
1't V' EVENT OBSERVED IN OCTOBER 1946 (R° DECAY)
NEW CLOUD CHAMBER WITH 3 ci Pb PLATE ACROSS.
ROCHESTER AND BUTLER UTILIZE BIG °BLACKETT MAGNET' AND
IMPROVEMENTS OF CLOUD·CHAMEER SYSTEM.
END OY TNE HAR — BLACKETT BACK IN MANCHESTER SUPPORTS
NEUTRONS.
'PENETRATING SHOWERS' HERE ORIGINATED BY PRIMARY PROTONS +
(IN AGREEMENT NITE SCHEIN'S CONCLUSIONS, - 1940) THAT THE
CLOUD CHAMBER INCORPORATED ALLOWED TO CONCLUDE IN 1943
TECHNIQUE (JANOSSY AND INGLERY, 1939).
DESIGNED IO INVESTIGATE CREATION OF P.P. BY COUNTER
V-PARTICLE WORK AT MANCHESTER GREH OUT OF AN EXPERIHENT
CLOUD CHAMBER (LEPRINCE RINGUET, LRERITIER, 1946).
THB COLLISION, SUPPOSED ELASTIC, WITH AN e` O? THE GAS OP A
OCR OutputPOSITIVE PARTICLB OF MASS 990 me :_12Z AS DERIVED PROM




I./4T£'R EYTAEL/J'}/9 9EF/A/I/f'/1/L6)/_ OCR Output
iFve Uwe DEC/9}/ HDJFS `I/T-> bmz" 5 `\7;—a· 'TC+71'_ wv:.
UG!-/TEE THAN /9 PMTDM, HERE wgcz 77-rE PVMT M/z/c>A77¤A/j
nv Soni c/4r£r);,<p»/.ePé·q) Tru; rwmyg FAQWCLE was CLEB my
/‘/FKAT/1/E ONE '77¤rA·r [JF p? hé`r0U C/*’·‘?¤’7’ '@"tQ¥ P*"?e€#'J6’·£`·°>
APPEAZED fa 85 vE&y LIKELY 3v·r/4/QT of AAP1w7·pA/; T7/E
36 V" + 7V; _ INA4_0F_THE_56]U_‘H4E_P0I1T»VE_j“£Ack
au mso mvp W r»A¢zu4_/L*7$1___VREPp•;Tep_·m5___¤r;regvA ·p¤;J or
7;-45 rmwcnsyjm eww r¤vv&1> we A6’ f’MZ BTv,r o»J_Tue hc pu r» u;, ___..
_ _ EVENT! (T ?ART!CL€S)
11.6 pucaY6f<y 0F zvcnzgfin AN) BvTn.E2_ 2EP¤£T¤NG BL} Sm14,A;;
MC CAr.TEch Gzouy (Auvcrzmn cwvf) wAS Tai F3QfT T1: cowfnan
mosny IZ€m>zTrp A1' THE A mcuévze QE 8:c¤:anE epnmzeuce
.1,-r. &xvuP (632rME eb a€.)_
6€R1<€1.sy Gxou? (’F2Er¤··en era!.)
INDIANA Gzvuf_(‘THcr¤Ps0N____¢e a£.)
CA1.Ta¢¤~n GRM? (1_eyc1—zT¤» ef af.
MA~c:-assrgz ckvv? LAxhEnTERvS cc M) Aria; uu ruby
wma Lancs hA6:v6f¤c cwu) cuAMBU&5 6
Qcmzvep ··mzvu&H w0m·< cnzxznep cu? w Ty; Ei+£Ly 1.qS`0’,c





nodes is clearly seen.
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